Abstract To explore the appropriate plant spacing for true potato seed (TPS) in nursery, the present study was mainly conducted at Agriculture Research Institute, Tandojam, Pakistan located at 25.24, 46.00,'N, 68.32, 12.00E during growing year 2009 and 2010. In this study seeds of three different true potato seed genotypes viz., TPS=9802, TPS=9804 and TPS=9805 were tested under three different plant spacing i.e. 2, 4, and 6 cm, respectively. Whereas, row to row distance was kept constant (25 cm). The results obtained from m 2 area showed maximum number of micro tubers (196.1), small tubers (42.15), medium tubers (26.56) and large tubers (7.57) when TPS-9804 was planted with 4 cm plant spacing. The maximum weight of micro tubers (1302 g), small tubers (480.3 g), medium tubers (340 g) and large tubers (468.5 g) were recorded also in TPS-9804 with same spacing. The overall results for tuber yield showed that TPS-9804 genotype planted with plant to plant distance of 4 cm recorded significantly maximum tuber yield (29.46 t ha 1 ) as compared to rest of the genotypes, hence TPS-9804 genotype is recommended for raising of TPS nursery with plant to plant distance of 4 cm.
Introduction
Potato (Solanum tuberosum L.) is one of the most prevalent and nutritive vegetable [1] . It is the third most imperative non grain food crop in the world [2] . In some countries true potato seed (TPS) is used as planting material in a seed potato production scheme. The true potato seed for commercial potato production had been extensively used in China, Sri Lanka, Rwanda, Egypt, Philippine, India, Bangladesh and number of studies also undertaken in different parts of Ethiopia [3] [4] [5] . In Pakistan this technology is in preliminary stages of implementation. The use of true potato seed (TPS) had many advantages over the use of seed tubers and attractive for small-scale farmers in developing countries [6] . Numerous reports indicated that plant spacing affects the minituber production. As out of nine different spacing of directly sown true potato seed (TPS), the spacing 10 x 5 cm produced the highest yield (39.67 t ha -1 ) while the lowest yield (24.17 t ha -1 ) was obtained from 30 x 15 cm spacing, the maximum number of tubers were produced in the closer spacing [7] . Similarly the less yield for F and D grade tubers were recorded in wider spacing (40 x 15 cm -2 ) when compared to 30 x 10 and 30 x 15 cm -2 [8] . Among different spacing of 25 x 10 cm with 40 seedlings m -2 produced the highest tuber weight (2.9 kg m -2 ) and population of 100 seedlings m -2 gave the highest number of tubers (314 m -2 ). Increasing plant population significantly increased tuber number but decreased the tuber weight, and eventually decreased crop yield [9] . The inter-row spacing at 10 cm produced significantly highest number and weight of 10-20 g, 20-40 g, and total tuberlets. The widest spacing of 30 cm was significantly superior for the number of compound leaves, and number and weight of 20-40 g and > 40 g tuberlets. Similarly, intrarow spacing of 5 cm gave significantly higher number and weight of total and the other categories of tuberlets, except large sized compared to the wider spacing. On the other hand, wider intra-row spacing of 10 cm significantly enhanced the production of large sized (> 40 g) tuberlets and the number of compound leaves [10] . Generally, small and medium size of tubers is considered as desirable size for seedling tubers. For the requisite size of tuber production, spacing of 25 x 4 and 15 x 4 cm were appropriate [11] . Keeping in view the above facts present study was carried out to determine the most suitable plant spacing for TPS nursery raising as farmers can obtain good earning by producing this valuable crop.
Materials and Methods
Three different true potato seed genotypes viz., TPS-9802, TPS-9804 and TPS-9805 were planted under three different plant spacing i.e. 2, 4, and 6 cm, respectively. The trial was laid out in randomized complete block design (RCBD) with four replications having a net bed size of 1m 2 per treatment.
After sowing, beds were covered with rice straw and watered early in the morning and late afternoon with hand sprinkler up to germination. After fifteen days of sowing straw cover was removed and irrigation water applied through channel. The recommended dose of fertilizer @ NPK 225+125+125 kg ha 1 in the form of urea, single super phosphate (SSP) and sulphate of potash (SOP) were applied. The phosphatic and potash fertilizers were mixed with soil at seed bed preparation stage while nitrogenous fertilizer was applied in two split doses after 30 and 60 days of sowing. In addition to this all other cultural practices were completed according to the requirements of nursery. The wines were dehaulmed before 15 days of harvesting. The data for germination% at 45 days, number of micro tuber (1-9 mm), small tuber ( .26 b In each row, means followed by common letter are not significant different at 5% probability level. Tuber grading: micro tuber (1-9 mm), small tuber (10-19 mm), medium tuber (20-39 mm) and large tuber (>40 mm).
tubers number of 234.41 m -2 . The higher weight of micro (1211 g), small (625.8 g), medium (425.6 g), large (360.7 g) tubers and maximum total tuber weight (2623 g m -2 ) was found when plants were spaced at 4 cm distance, whereas minimum 2426 g m -2 total tuber weight was obtained in 2cm plant spacing. Thus, maximum tuber yield (26.23 t ha -1 ) was recorded in 4 cm plant spacing. The minimum weight of micro 1154 g, small 573.7 g, medium 377.5 g and large 321.3 g tubers was observed in 2 cm plant spacing as shown in (Table 1) . Interactive effect of plant spacing x genotypes on true potato seed traits The statistical analysis of variances (ANOVA) showed that true potato seed traits were significantly affected by interactive effect of plant spacing x genotypes. The results showed maximum number of micro tubers (194.4) in TPS-9804 genotype planted at 4 cm plant spacing. However, the minimum number of micro tubers (170.3) were observed in TPS-9802 genotype at 2 cm plant spacing. The higher number of small tubers (40.54) was observed in TPS-9804 genotype when plants were spaced at 4 cm. The lower number of small tubers (33.98) were recorded when plants received 6 cm in TPS-9802 genotype. The maximum number of medium tubers (23.96) were counted in 4 cm plant spacing in TPS-9804 genotype, whereas, minimum number of medium tubers (14.27) were recorded in TPS-9802 genotype where 2 cm plant spacing was maintained. The higher number of large tubers (7.13) were noted in TPS-9804 genotype sown at 4 cm plant spacing, while these tubers decreased (4.46) in TPS-9802 genotype at 2 cm plant spacing. The overall results of the experiment showed that total tuber number was maximum (266.03) in TPS-9804 genotype when 4 cm plant to plant spacing was maintained. However, minimum (222.21) total tuber number was noted in TPS-9802 genotype seeds at close plant spacing of 2 cm ( Table  2) . Results of the tuber weight (g) showed maximum weight of micro tubers (1290 g m 1.051 In each column, means followed by common letter are not significant different at 5% probability level. Tuber grading: micro tuber (1-9 mm), small tuber (10-19 mm), medium tuber (20-39 mm) and large tuber (>40 mm).
was recorded in TPS-9802 genotype sown at 2 cm plant spacing. The weight of medium tubers was recorded maximum (451.1 g m -2 ) in TPS-9804 when 4 cm plant spacing was maintained. However, minimum weight of medium size tubers (360 g m -2 ) was recorded in TPS-9802 genotype seeds at 2 cm plant spacing. The higher weight of large tubers (410.2 g m -2 ) was recorded in TPS-9804 genotype where seeds were sown at 4 cm plant to pant spacing. The lower weight of large tubers (302.6 g m -2 ) was obtained in TPS-9802 seeded at 2 cm plant spacing. The overall results of the study showed that TPS-9804 genotype was better as compared to rest of genotypes for recording maximum weight of tuber yield (28.27 t ha 1 ) when plant to plant distance was maintained at 4 cm. However, TPS-9802 genotype was not good enough in recording tuber yield (22.93 t ha 1 ) at closer plant spacing of 2 cm (Table 2 ).
Discussion
In potato crop, plant density plays an important role on crop growth and productivity. An improper spacing may cause either too dense or too thin plant population resulting in the reduction of potato tuber yield. Optimum plant density ensures optimal growth of plants through efficient utilization of moisture, nutrients and light and crop covers the field early by promoting foliage growth and thus has an advantage over the low density crop in recording higher tuber bulking rate, which in turn help in producing greater tuber yield [13] . In this study densely populated plants (25 x 4 cm) recorded the maximum number and weight of micro, small, medium, large and total tuber yield t ha -1 .According to Khan et al. [14] , highest yield of very small size tubers was obtained by planting tubers at close row and plant spacing. Whereas in our case planting of true potato seed with medium row spacing of 25 cm and plant to plant spacing of 4 cm proved better. This practice of sowing caused production of healthier plants with better plant height having more number of leaves which ultimately helps in the maximum production rate of photosynthesis; a necessary component for obtaining higher organic yield. Malik [15] and Farooque [16] are also supportive of the above statement. The positive effect of high plant density on total tuber number and weight appeared due to fast canopy cover resulting in more light interception and also due to suitable temperature for proper stolon development and tuber initiation. Due to favorable spacing seedling tubers gained more number and weight resultantly total tuber yield increased significantly. The higher number and weight of seedling tubers indicated the adoptability of TPS genotypes in Sindh. Mahmood [17] , found the highest yield 52.62 t ha -1 in the combination of transplanting, double row, and 50 x 5 cm spacing. This is due to the compensation effect of plants per hectare than the wider spacing, which results higher yield of tuber per hectare. This result is also in support of the findings obtained by previous researchers [18 -20] . Planting density strongly affect yield, both by number and by weight, and more tubers and yield per square meter are expected in higher planting densities Karafyllidis et al. In the light of above study it can be concluded that narrow plant spacing (4 cm) for true potato seed TPS nursery raising is conducive for obtaining high value seedling tubers to be used for next year planting.
